In the geometrically frustrated materials with the low-dimensional and small spin moment, the quantum fluctuation could interfere with the complicated interplay of the spin, electron, lattice and orbital interactions, and host exotic ground states such as nematic spin-state and chiral liquid phase. While the quantum phases of the one-dimensional chain and S -½ twodimensional triangular-lattice antiferromagnet (TLAF) had been more thoroughly investigated by both theorists and experimentalists, the work on S = 1 TLAF has been limited. We induced the lattice distortion into the TLAFs, A3NiNb2O9 (A = Ba, Sr, and Ca) with S (Ni 2+ ) = 1, and applied the thermodynamic, magnetic and neutron scattering measurements. Although A3NiNb2O9 kept the non-collinear 120° antiferromagnetic phase as the ground state, the Ni 2+ -lattice changed from the equilateral triangle (A = Ba) into isosceles triangle (A = Sr and Ca). The inelastic neutron scattering data were simulated by the linear spin-wave theory, and the competition between the single-ion anisotropy and the exchange anisotropy from the distorted lattice was discussed.
O atoms at the 8f (x, y, z) site. By comparing the Rietveld refinement results of Ca3NiNb2O9 patterns at 0.3 and 20 K (20 K data was not presented here), it suggested that no crystal structure (P 1 21/c 1) transition was observed down to 0.3 K. The (1/3, 1/3, 1/2) and (4/3, 1/3, 1/2) magnetic Bragg peaks were observed at 0.3 K and absent at 8 K with Q~0.85 Å The tolerance factor, t, suggested by Goldschmidt had been employed to describe the stability of perovskite phases: the deviation of t from t=1 could be applied to estimate the internal strain in perovskites and oxygen octahedral tilt due to the misfit of the A and B site ionic radii [25] . The definition of t was given by,
where 〈 〉 is the average ionic radii for the B site ions [26] , and RA and RO are the A and O site ionic radius, respectively.
The crystallographic properties of A3NiNb2O9 (A = Ba, Sr, and Ca) were given in TABLE I. For Ba3NiNb2O9, the tolerance factor was bigger than 1 while it was smaller than 1 for Sr3NiNb2O9. However, the t deviations from t=1 were similar with ~0.030, which suggests a similar distortion from the ideal perovskite for them. Therefore, the crystal structure distorted from hexagonal to monoclinic structure is expected to result to a smaller t. Moreover, the angles of the equilateral triangle in Ba3NiNb2O9 were all 60°; for Sr3NiNb2O9, they were 60.090°, 59.955° and 59.955°; and for Ca3NiNb2O9, they were 58.93°, 60.535°, and 60.535°. The temperature dependence DC susceptibility of Ca3NiNb2O9 with different magnetic fields were shown in Fig. 3(a) . As the field increased, the magnetic transition temperatures decreased and became broader similar to the behavior of the heat capacity anomaly. The data at 0.02 T followed the Curie-Weiss law at high temperature (inset).
Fitting the (T) data from 100-300 K with linear Curie-Weiss law, we obtained - The spin frustration ratio f was defined as the ratio of the absolute value of CurieWeiss temperature (θCW) to transition temperature TN, thus f = |θCW|/TN. For Sr3NiNb2O9
and Ca3NiNb2O9 samples, we chose the higher transition temperature, TN1, for calculation.
As shown in TABLE III, the frustration ratio f increased with decreasing the A-site ion radii, and Ca3NiNb2O9 had the strongest frustration and competing interactions. From Fig. 3(b) , the χ data exhibited a clear peak at ∼4.8 K, which was consistent with TN1 from the dCp/dT data. Another peak could be observed from the d(χT)/dT at ∼4.2 K, which was related to a long range magnetic ordering and corresponds to TN2 defined from the specific heat, Fig. 2(b) . It was worth noting for the Ca compound the two-step phase transition was not so strong and sensitive to different measurement techniques to some extent. For example, TN2 transition was more sensitive to thermal measurement while TN1 transition could be detected more easily by dc susceptibility. Fig. 4(a) The magnetic entropy of the A3NiNb2O9 were shown in the inset of Fig. 4(a) . The total magnetic entropy suggests that the degree of disorder of these three compounds were Ca >Sr >Ba, which is consistent with the behavior of the tolerance factor t in TABLE I. To extract the magnetic contribution from the total heat capacity, an equation consisted of the linear combination of one Debye and several Einstein terms was used to estimate the lattice specific heat,
where R is the universal gas constant, D, E are the Debye and Einstein temperatures, respectively. C , are the relative weights of the acoustic and the optical phonon contribution of the heat capacity. There are 15 atoms per formula in our system. The best fit to the data from 30 to 250 K resulted to one Debye and two Einstein terms with the proportion 1: 5: 9 for the C : 1 : 2 , and =160 K, 1 =255 K, 2 =540 K. The magnetic component of the specific heat Cm was obtained after subtracting the lattice contribution from the data. The magnetic entropy Sm was obtained by integrating Cm * T throughout the range of temperatures measured (inset of Fig. 4(a) ). The Ni 2+ has a spin-1 in this compound. The total entropy saturated at about 79.1% of the Rln3. The entropy loss could be due to the quantum fluctuation in this spin frustrated system. We also measured the heat capacity of the Sr3NiNb2O9 and Ba3NiNb2O9, and then processed the data with the same method of Ca3NiNb2O9. The total magnetic entropy was about 73.9% and 88.7% of Rln3 for Sr3NiNb2O9 and Ba3NiNb2O9, respectively. The total magnetic entropy decreased as Ba> Ca >Sr, which indicated the smallest magnetic entropy loss of Ba compound due to its smallest lattice distortion. However, for the Sr and Ca compounds, the magnetic entropy losses were dominated by the competition effect between lattice distortion and quantum fluctuation.
C. Inelastic neutron scattering (INS)
To explore the spin dynamics of A3NiNb2O9 (A = Ba, Sr, and Ca) in details, we measured the magnetic excitations from INS spectra. Figs. 5(a)-(c) showed the powder spectrum of A3NiNb2O9 (A = Ba, Sr, and Ca) at 1.5 K, below TN. Similar as the S-1/2 TLAF compound, Ba3CoSb2O9, both gapped and gapless modes were observed in the magnetic DOS [27] ; meanwhile, unlike Ba3CoSb2O9, there was no obvious continuum observed at higher energy, which might be due to the larger spin moment (S = 1) and the weak signal from powder average effect. 
IV. DISCUSSION
To understand the intralayer antiferromagnetic interaction of the Ni 2+ ions, we examined the superexchange interaction in the structure using Goodenough-Kanamori's theoretical framework [30] , which discussed the relation between the symmetry of electron orbitals and superexchange interaction via a nonmagnetic anion. In Ba3NiNb2O9, two superexchange pathways for the Ni 2+ spins in the same layer were shown in Fig. 7(a) Moreover, only one transition was observed in Ba3NiNb2O9, which was consistent with the easy-plane anisotropy in this isotropic system. For Sr3NiNb2O9 and Ca3NiNb2O9 with distorted structures, the easy-axis anisotropy was excluded by the LSW approximation of the INS measurements while two magnetic transitions were observed in both compounds.
An extra noncollinear magnetic phase existed at low temperature, which corresponded to the phase transition at TN1, and the spin structure of this phase should be 120° in ab plane.
For the S = 1 case, the high temperature transition from the paramagnet was not clear and a different phase diagram had been proposed by theory, specifically the stripe phase related to a spin reorientation in honeycomb lattice [34] , and the zigzagging stripe phase in the isosceles triangular networks by the harmonic particle interaction [35] . 
CONCLUSIONS
In summary, the lattice distortion effect on the magnetic ground states of spin-1 TLAF was investigated by comparing two isosceles triangular lattice antiferromagnets Sr3NiNb2O9 and Ca3NiNb2O9 with an equilateral triangular compound Ba3NiNb2O9.
Although the effective magnetic moment across the family is the same, the magnetic frustration of the system increases from the equilateral triangle to the isosceles one.
Moreover, the two magnetic phase transitions were observed in A = Sr and Ca compared to one in A = Ba. However, the lattice distortion did not tune the easy plane anisotropy of the Ba compound. Instead, the lattice distortion generated an extra competitive magnetic phase with the 120° spin structure that has an out of ab plane canting at low temperatures 
